The main aim of this study was to evaluate the concordance between the indirect V̇O2max value estimated by the distance achieved in the Yo-Yo intermittent recovery test level 1 (YYIR1) and the direct measurement during a treadmill protocol test (TP) in elite youth soccer players. Methods: Fourteen elite under 20 year's old soccer players from a first division soccer club were evaluated. Test were performed one week apart. In both tests V̇O2, was measured with an ambulatory gas exchange measurement. YYIR1 estimated V̇O2max was calculated using the equation described by Bangsbo et al. (2008) and in TP was calculated using American College of Sport Medicine equation. Results: Lin´s concordance correlation coefficient between direct V̇O2max in TP and estimated V̇O2max in YYIR1=0.271 (poor concordance). Conclusions: The poor concordance between direct and indirect V̇O2max measurements in TP and YYIR1, indicated that in an elite population both
INTRODUCTION
Soccer performance depends upon a variety of tactical, technical, physical and physiological factors (Stølen et al., 2005) and is characterized by direction changes, sprinting, tackling and jumping (Wisloff et al., 1998) . Elite level outfield players, cover approximately 10-12 km during a match, and on average every 90 seconds sprint for approximately 2-4 seconds (Bangsbo et al., 1991) , demostrating the relevance of both aerobic and anaerobic fitness (Castagna et al., 2006) .
High levels of maximal oxygen consumption (V̇O2max) are reported (58-65 ml. min-1. kg) in young elite outfield players (Strøyer et al., 2004) and V̇O2max is correlated with a number of aspects of on-pitch performance such as distance covered, repeated sprint ability and the ability to recovery from repeated sprints (Jones et al., 2013; Gharbi et al., 2015) . Laboratory protocols involving the direct measurement of gas exchange during continuous treadmill running at progressively higher intensities to exhaustion are considered the gold standard for aerobic fitness assessment (Castagna et al., 2006; Aziz et al., 2005) . However, the validity of a test also depends on its specificity to the sport , and given the intermittent and multi-directional nature of soccer, tests which reflect this activity have been proposed as an alternative to straight-line continuous laboratory treadmill protocols (TP). The Yo-Yo intermittent recovery test level 1 (YYIR1) is one such protocol which consists of repeated 2 x 20m shuttle runs at progressively increasing speed, with 10-second active rest periods between shuttles (Bangsbo, 1994) . This test therefore provides important information on the capacity to perform intense intermittent exercise, which includes repeated decelerations and changes of direction that are characteristic of soccer match play (Bangsbo et al., 2008) , and also has a significant association with sprint time and time spent in high intensity activities (Rebelo et al., 2014) .
In addition to characterizing soccer-specific work capacity, the YYIR1 distance has also been used to estimate V̇O2max using a regression equation (Bangsbo et al., 2008) and several studies report a correlation between V̇O2max estimated during the field test and directly measured V̇O2max achieved during a TP (Castagna et al., 2006; Aziz et al., 2005; Metaxas et al., 2005) .
While the degree of association between the two methods, is often represented by the correlation between methods (Aziz et al., 2005; Castagna et al., 2006) , when assessing the capacity of an indirect test in the estimation of physiological variable, it is important to also consider the accuracy and precision of that estimation, quantified by its concordance (Lin, 1989; Lin, 2000) and visualized using a Bland-Altman plot (Altman and Bland, 1983; Bland and Altman, 1986) . To our knowledge, these factors have not been evaluated with respect to YYIR1 and V̇O2max in elite male soccer players. Therefore, the principle aim of the present study was to evaluate the concordance between the indirect V̇O2max value estimated through the distance reached in YYIR1 and the direct measurement during a TP in a sample of elite youth soccer players.
METHODS

Participants
Fourteen elite (14) under-20 years old soccer players from a first division soccer club of the Colombian Professional Soccer League were voluntarily evaluated. All the subjects were players of the squad of the champion team of the Colombian National Professional League 2015 and six players, at the time of the test, were called to represent their country in the national team; the goalkeepers were included in the study. All trained generally six times per week, in daily sessions of between 90 to 120 minutes, plus at least one official S404 | 2018 | Proc2 | VOLUME 13 © 2018 University of Alicante match, and they had belonged to the professional team for at least one year. All had previous experience in the test and this study was carried out as part of the training program under the direction of the coaches and with the approval of the club executives. They were informed verbally and writing about the possible risks and benefits, and all signed an informed consent. This study was carried out under the codes of ethics of the Declaration of Helsinki and was approved by the Institutional Ethics Committee.
The measured variables were anthropometric variables age, body mass and height and physiological variables direct and indirect V̇O2max in YYIR1 and TP, maximal heart rate (HRmax) and distance covered in YYIR1.
Treadmill protocol test (TP)
Players warmed-up on the treadmill (Trackmaster TMX 425®) for 10 min at 5.0 km. h -1 . The test started at 7.0 km. h -1 with two degrees of gradient, the speed was increased by 1.0 km·h -1 every minute, until the player reached volitional exhaustion. This was followed by 3 min of active recovery at 5.0 km. h -1 (Castagna et al., 2006) . All laboratory tests were performed in the morning over two consecutive days at morning.
Yo-Yo intermittent recovery 1 test (YYIR1)
The YYIR1 was performed following the same warm-up described for the treadmill test. The test involves running 20 m shuttles at a progressively increasing speed controlled by audio bleeps. After every second 20 m shuttle, there is a 10 second active recovery period, during which players walk. The test ended when the subject was unable to complete the distance at the assigned speed on two consecutive occasions (Bangsbo et al., 2008) . The test was followed by 3 mins of active recovery. All field tests were performed in the morning over two consecutive days.
Procedures
The tests were carried out in January, during preseason. The subjects were instructed to maintain their habitual nutritional intake the day before the test, also asked to refrain from consuming food and beverages (other than water) for 2 hours before each testing session, with a sleep period of at least six hours, without consumption of stimulants or alcoholic beverages; they were instructed not to perform intense physical activity in the last 24 hours. Before the players performed the tests, they were told that they should try their best and verbally encouraged them to run as long as possible.
All players attended the university laboratory to perform a V̇O2max TP. YYIR1 was performed on a pitch at the club's training ground, 5-7 days after the TP at the same time of day and with similar environmental conditions, air temperature ranged from 21ºC to 26ºC, and relative humidity were ranged from 55% to 60% in all the tests. Weight records were made on a Tanita BC-585F FitScan Body Composition Monitor®, and size on a CE 0123 UK® DRY stadiometer.
In both the field and laboratory test V̇O2 was measured with a portable telemetric device (Cosmed K4b 2® ). Achievement of V̇O2max was considered as the attainment of at least one following criteria; a respiratory exchange ratio above 1.10 or plateau in V̇O2 despite increasing speeds. Before each test, the device was calibrated in accordance with the manufacturer's recommendations. Heart rate was recorded using a Polar RS800CX ® (Polar, Finland). Estimated V̇O2max in the YYIR1 was calculated using the equation described by Bangsbo et al. (2008) , and estimated V̇O2max in treadmill test was calculated using the American College of SPORTS MED equation (ACSM) (American College of sports medicine, 2013). VOLUME 13 | Proc2 | 2018 | S405 Statistical analysis SPSS (20.0 for windows) was used for all statistical analyses. Normality was verified using the Shapiro-Wilk test. Comparisons between physiological variables in the tests was performed using paired samples t-test. Pearson´s product-moment correlations were used to examine the relationships between HRmax, direct and indirect values V̇O2max in YYIR1 and TP and distance covered in YYIR1 and V̇O2max in YYIR1 and TP.
The Bland-Altman limits-of-agreement method was used to examine individual differences between HRmax, direct and indirect values V̇O2max in YYIR1 and TP. Significance was set at 0.05 (p ≤ 0.05). The Lin´s concordance correlation coefficient (CCC) was used to examine the relationships between HRmax, direct and indirect values V̇O2max in YYIR1 and TP.
The CCC was interpreted as follows: > 0.99, almost perfect strength of agreement; 0.95 to 0.99, substantial strength of agreement; 0.90 to 0.95 moderate strength of agreement; < 0.90 poor strength of agreement (McBride, 2005) . Table 1 shows anthropometric data and physical characteristics of all subjects.
RESULTS
Table1. Anthropometric characteristics of subjects Variables (n = 14) (Mean ± SD) Age (years)
18.4 ± 1 Body Mass (kg)
72.4 ± 4.2 Height (cm) 180 ± 7
The mean and SD of the physiological and performance variables are shown in Table 2 . There were significant differences between TP direct and indirect V̇O2max (p = 0.002), and between YYIR1 and TP indirect V̇O2max (p < 0.009). No significant differences were observed in the other physiological variables ( There was a significant correlation in direct V̇O2max, in the TP and in the YYIR1 test, direct and indirect V̇O2max in YYIR1 and between the distance covered in YYIR1 and V̇O2max (Table 3) . However, there was a poor agreement between the direct and indirect measurement of V̇O2max and HRmax in the two tests (Table  3) . 
DISCUSSION
To our knowledge, the present study is the first to evaluate concordance between the indirect V̇O2max value estimated through the distance in YYIR1 and the direct measurement during a TP in elite youth soccer players. We also evaluate the concordance between direct measurements of V̇O2max and estimated value achieved during the YYIR1 and TP, respectively.
The average distance YYIR1 covered in our sample was 2451 m, similar to the 2420 m reported in elite male players by Bangsbo et al. (2008) and substantially higher than the 1640 m observed in sub-elite young soccer player (Deprez et al., 2014) . Mean TP values in the present sample were 55 mm. kg. min -1 (in TP), which are within the expected range for elite football players, which range from 50 to 75 mm. kg. min -1 , (Stølen et al., 2005) , and those reported for youth players, which are below 60 mm. kg. min -1 (Helgerud et al., 2001 ).
We found no correlation between the distance covered during the YYIR1 test and directly measured V̇O2max assessed using the TP. A number of studies have also evaluated this relationship amongst different populations (Castagna et al., 2006; Krustup et al., 2003; Krustup et al., 2005; Martinez-Laguna and Hartmann, 2014) . Using a TP which only differed from the present protocol with respect to the percentage incline used (1%), Castagna et al. (2006) also found no correlation between V̇O2max and YYIR1 distance in amateur male soccer players. On the other hand, in female players Martínez-Laguna and Hartmann (2014) found correlation (r = 0.70; p = < 0.05), but with a large dispersion of the data, noticing a large variation in the YYIR1 distance covered at a given directly measured V̇O2max value (Martinez-Laguna and Hartmann, 2014) . In contrast, Krustrup et al. (2003) observed a significant correlation between the two variables (r = 0.71, p <0.05) in a sample of physically active subjects. Both the homogeneity and profile of our samplecompared with the non-elite, physically active population in Krustrup's study are factors which may explain the lower degree of association between the distance traveled in the YYIR1 and V̇O2max directly measured in the laboratory in the present study.
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In agreement with the superior development of soccer-specific work capacity in high level players, and confirming the ability of the YYIR1 to quantify via the distance covered, the player's capacity to perform intermittent high intensity activity which involves changes of direction. The YYIR1 was specifically designed to assess the aerobic-anaerobic performance of soccer players and not as a general field test for the assessment of aerobic performance (Castagna et al., 2006) . Poor association with direct V̇O2max value in TP, may reflect the greater influence of other physical characteristics developed during soccer training and competition on test performance in those with a greater soccer-specific training background. Ahmaidi et al. (1992) , suggest that the differences in the values obtained in the different tests could be related to biomechanical factors and the energy expenditure efficiency, possibly because of the recruitment pattern of fibers, being more efficient for a specific intensity task, a higher recruitment of type I fibers than type II (Mauger and Sculthorpe, 2012) .
However, in a population not specifically trained in these activities, performance in a test such as YYIR1 may relate more to aerobic capacity, and potentially to overall level of fitness, particularly in a population with a wide range of V̇O2max values, thereby tending to improve the association between the two variables (Castagna et al., 2006 .
Comparison between physiological variables during the TP and YYIR1
Despite the poor association between YYIR1 distance and V̇O2max directly measure in TP, no significant difference between the HRmax and direct V̇O2max values achieved during the two tests was found, which concurs with a number of previous studies (Aziz et al., 2005; Krustrup et al., 2003; Martinez-Laguna and Hartmann, 2014) . Furthermore, Martinez-Laguna and Hartmann (2014) also observed a significant correlation between directly measured V̇O2max in the YYIR1 and a TP (r = 0.83; p <0.05), similar to that observed in the present study (r = 0.71; p = 0.004). This suggests that despite the distinct characteristics of the two tests; the continuous and straight line nature of the TP, with progressive increases in intensity, compared to the intermittent actions, with changes in direction and intensity of the YYIR1, the overall aerobic demand in the YYIR1 and TP tests is similar.
Despite this, would be an error make comparisons between the values obtained directly in a TP, with the subsequent performance in YYIR1, without direct measurement of oxygen uptake in the latter, due to the difference in the type of effort performed in both tests (Castagna et al., 2006) . For example, Aziz et al. (2005) , compared two protocols of continuous and intermittent type tests and reported that between both tests only shared a common variance of 40%, which indicates that the performance in any of the tests may not be interchangeable. Likewise, Lemmink et al. (2004) found that the test that was able to clearly distinguish the different levels of sports performance of soccer players was intermittent protocol.
There was also a significant correlation between the directly measured and estimated V̇O2max in the YYIR1 (r = 0.66; p = 0.010). In contrast, the direct and indirect values in the TP estimated were not significantly correlated (r = 0.38; p = 0.177). However, despite this acceptable degree of correlation in, we found a poor concordance in both. The CCC, provides a measure not only of the magnitude of the agreement between two methods, but also it also aggregates random and the systematic bias. Because of this, it is considered a better tool to determine the concordance in the value obtained by two different methods (Lin, 1989; Lin, 2000) than the r value generated in correlation analysis which only represents the mean magnitude of association between the tests. Nonetheless, as the CCC is an aggregate method and it does not identify which of the S410 | 2018 | Proc2 | VOLUME 13 © 2018 University of Alicante two types of bias have the largest impact on the degree of accuracy, is therefore combined with a graphical analysis using the Bland and Altman method (Altman and Bland, 1983; Bland and Altman, 1986 ).
Therefore, in higher level athletes other type of field tests which involve continuous effort, such as the Yo-Yo Endurance Test (Castagna et al., 2006) , Cooper 12-minute-run test (Cooper, 1968) or 20-m-shuttle-run test (Leger and Lambert, 1982) , can be more accurate to estimate V̇O2max, if that is the objective, in soccer players. On the other hand, the importance of V̇O2max in football has been questioned and as such the changes of direction and the intermittent intensity present in the YYIR1, specific to the movement patterns of soccer make this test a more relevant fact to evaluate performance in higher level players, despite this lack of concordance with V̇O2max (Castagna et al., 2006 , Stølen et al., 2005 . In accordance with this YYIR1 distance covered is associated with football performance, for example, reported that the amount of high intensity activity that a player is capable of performing is one of the variables that separates players with different levels of sports performance.
The principle limitation of the present study is sample size, related to the difficulty of obtain consent for participation from both coaches and players in an elite team sport environment where the time consuming nature of direct V̇O2max evaluations are problematic. The lack of control of environmental conditions in the YYIR1, could be a limitation, because we do not have a closed soccer field with controlled conditions, despite this, the physiological responses were similar to those reported in literature. Finally the lack of randomness in the realization of the tests, since for logistical reasons the TP's were made first and finally all the YYIR1.
Practical applications
Distance covered in the YYIR1 is reported to reflect capacity to perform soccer-specific intermittent activity and discriminate performance levels and on that basis useful in assessing elite soccer players. However, in elite male players, it appears that the use of current regression equations based on performance in the YYIR1 will provide inaccurate estimates of V̇O2max. Therefore, if V̇O2max is desired it should be measured directly in a TP and should not be estimated based on performance in the YYIR1 or in the TP. Future work may establish an elite player-specific regression equation to improve this estimation and enable both soccer-specific work capacity and V̇O2max to be determined using this single field test.
CONCLUSIONS
We found that for the accurate determination of maximal oxygen consumption in elite soccer players, it is necessary to use direct measurement in a TP, as a field tests with intermittent actions such as YYIR1 and regression equations for the prediction of these values are inaccurate in the prediction of V̇O2max, despite being well correlated.
